We describe two cases of vertebral artery injury during posterior cervical fusion.
Introduction
vertebral artery (va) injury may occur in various situations, such as cervical trauma or iatrogenic injury, during surgery.
Several posterior cervical fusion techniques have been introduced, including the c1 lateral mass screw technique. the c1 lateral mass screw method has some complications reported in the literature, including lower cranial nerve injury, dural injury, c2 nerve root injury, infection, and iatrogenic va injury 1-3 . va injury may result in asymptomatic or symptomatic neurologic deficit, such as transient ischemic attacks, stroke, or even deaths 1 . herein, we describe two cases of va injury during c1 lateral mass screw fixation, which resulted in good clinical outcomes after endovascular treatment.
Case Report
Case 1 a 20-year-old woman without any other medical history visited our department. She had suffered motor weakness and radiating pain in both arms for three weeks prior to her visit. Sensory change and pain had progressed. an initial physical examination showed decreased motor power, grade 4 in both arms, no Babinski signs, and no clonus. the deep tendon reflex was slightly increased at the knee and elbow. We performed a gadolinium-enhanced cervical MrI, and a tumor was revealed from the c1 to c6 level. the patient underwent tumor removal and posterior fusion from c1 to c5 and surgical biopsy revealed ependymoma. during screw positioning of the left c1, fresh pulsatile blood pumped out from the screw hole. We tried to stop the bleeding by hemostatic material but failed. We were suspicious of a va injury and decided to perform emergency cerebral angiography; meanwhile, the bleeding had not stopped even with the use of compression with gauze packing. the patient was moved to the angiography room beside the operation room without completion of her initial surgery and a conventional cerebral angiogram was performed. the study revealed an iatrogenic va injury at the v3 segment, near the left c1 screw hole (Figure 1a ,B). Bleeding was ongoing and we feared that the patient would experience unstable vital signs due to blood loss. We considered endovascular va occlusion and 371 A B Figure 1 a) conventional cerebral angiography shows va injury on the v3 segment (arrow). B) 3-dimensional reconstructed angiography shows a small bleb, which is considered an iatrogenic pseudoaneurysm. demonstrated an unstable Jefferson fracture. We planned a c1-2 posterior fusion with c1 lateral mass screw, and performed preoperative vertebral artery ct angiography. ct angiography revealed a hypoplastic right side va ( Figure 4 ). during positioning of the left side c1 lateral mass screw, no arterial blood was detected, however, woozy fresh color blood was found during a soft tissue dissection. With caution, we anticipated that the arterial blood flow would stop soon after completion of the latter procedure. after surgery, we demonstrated the arterial injury using conventional angiography. the left side va injury was revealed on cerebral angiography ( Figure 5 ) and the flapping of the inner wall of the injury site was observed on serial angiography. comparing the initial ct angiography and diagnostic conventional angiography, we decided that it was a stenotic change by injury rather than pre-existing arteriosclerotic lesion. Finally, we decided to perform the 'stent-in-stent' technique to reconstruct the intimal flap to attach to the inner wall by using a radial force of expandable stents. We used two self-expandable Neuroform (Boston Scientific/target, Fremont, ca, uSa. size: 4.5 mm × 20 mm and 4.0 mm × 20 mm) stents and postoperative angiography showed that the distal flow was intact ( Figure  6a,B ), but the collapsed lumen remained. We considered the covered stent but were afraid performed contralateral va angiography and found no flow abnormality. then, we performed a balloon occlusion test and no neurologic change was observed. the patient woke up from the anesthesia during the intervention procedure, but we maintained mild sedation and intubation. She was well cooperative even during the intubation state and we asked some closed question during the occlusion test, in which she answered 'yes or no' by grasping the hand. Endovascular va occlusion was started from below the origin of the posterior inferior cerebellar artery and covered the full injured segment by using commercially available detachable coils (five Gdcs, Boston Scientific/ 4 MicroPlex coils, Microvention) (Figure 2a,B) . We used postoperative contralateral va angiography that showed good collateral circulation of the left PIca and no contrast media filling at the injured segment ( Figure 3) . after returning to the operation room, the surgery was completed without both side c1 screw and c1 laminectomy because we were afraid of right side va injury.
Case 2
a 60-year-old man was referred to our department from a local clinic for unstable c1 fracture. the patient had no neurologic deficits, but cervical computed tomography (ct) 
Discussion
Lateral mass screw fixation of the c1-2 fusion is becoming more popular since it was first described by harms et al. 4 . va injury may occur during cervical fusion, especially c1 screw placement. the rate of va injury during lateral mass screw of c1 was reported with a variable range from 0% to 5.8% 5 . yeom et al. recommends a 10 to 15 degree medial angulation of of PIca (posterior inferior cerebellar artery) violation because the lesion is close to the PIca origin. at the end of the procedure, we checked no contrast media leakage from the injury site. Systemic heparinization was performed for one day and aspirin was prescribed for three months after surgery. the patient had no neurologic change after interventional surgery and was discharged without further complications. with symptoms during a balloon occlusion test 11 . Endovascular stent deployment is another alternative choice for iatrogenic va injury. It can be safer and more effective than surgical ligation in the case of inadequate collateral circulation such as contralateral hypoplastic va or in a patient with life-threatening hemorrhage 10, 12, 13 . Introduction of an intracranial stent has been difficult to apply for va injury due to stiffness and poor navigability, but these disadvantages were overcome at the present time 9 . clinical and radiologic follow-up is very important after not only total occlusion of the va, but in the placement of stents, because there have been reports of recurrent pseudoaneurysm 13 . We perform follow-up angiography after 12 months in both permanent occlusion and stenting. aspirin is used as maintenance therapy for the duration of six months. When any transient ischemic attack occurs, we add Plavix ® or demonstrate angiography.
Conclusions
va injury is a rare complication of c1 lateral mass screw fixation, but its consequence is catastrophic in some cases. Endovascular intervention is a very effective and less invasive procedure than open ligation surgery. We described two cases of successful clinical outcomes with endovascular treatment for va injury during c1-2 fusion. however, long-term follow-up angiography should be performed to check the integrity of the parent artery. c1 lateral mass screw to compensate c1 axial rotation, which can result in a decreased iatrogenic violation of the va 6 . In case of fracture, which may violate the va foramen in the cervical spine or in the old age group, preoperative ct angiography or Mr angiography may be useful for cervical posterior fusion. however, the authors did not demonstrate this routinely in young non-traumatic patients.
va injury may result in arteriovenous fistula, narrowing, occlusion, or dissection 7 . Furthermore, persistent bleeding loss may encounter hemodynamic instability 1 . Immediate postoperative cerebral angiography is recommended when va injury is suspicious. detection of vascular injury and confirmation of a collateral circulation are very important for proper postoperative management 8 .
the treatment of va injury can be classified into two methods. Surgical ligation of the distal and proximal ends of an injured lesion can be one optional treatment. however, this causes sacrifice of the injured va and may result in brain stroke when contralateral collateral va flow is not sufficient. Surgical treatment is relatively difficult because of anatomical inaccessibility 9 . unilateral va ligation results in brainstem infarct and the incidence of complication is 3.1% for the left side and 1.8% for the right 10 . Generally, the rate of hypoplastic change is 5.7% in the left side va and 8.8% in the right 8 . Endovascular treatment is also available in the case of va injury. Endovascular occlusion can be performed only with patients who have enough collateral va flow on cerebral angiography or who do not present 
